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Numerical investigation of soot formation and oxidation processes under large two-stroke marine diesel engine-like
conditions using integrated CFD-chemical kinetics
In this reported work, multi-dimensional computational fluid dynamics studies of diesel combustion and soot formation
processes in a constant volume combustion chamber and a marine diesel engine are carried out. The key interest here is
firstly to validate the coupling of a newly developed skeletal n-heptane mechanism and a revised multi-step soot model
using laser extinction measurements of diesel soot obtained at different ambient pressure levels in an optical accessible,
constant volume chamber experiment. It is revealed that ignition delay times and liftoff lengths generated using the new
skeletal model are close to those produced by the larger and more comprehensive chemical mechanisms, apart from
those at the low pressure condition. The current study also demonstrates that the variation of averaged soot volume
fraction with respect to the change of combustion chamber pressure captured using the revised soot model agrees
reasonably well with the measurements in terms of peak values. The numerical model is subsequently applied to
investigate the flame development, soot/nitrogen monoxide formation and heat transfer in a two-stroke, low-speed uniflow-
scavenged marine diesel engine operating at full load condition, where optical measurements are not available.
Comparisons to the experimental data show that the simulated pressure rise starts 1.0 crank angle degree in advance and
the calculated peak pressure is 1.7% lower. The associated flame liftoff length is negligible, yielding higher local
equivalence ratio and soot volume fraction values as compared to those under similar test condition in the constant
volume chamber. With the use of the revised model, the total heat transfer to the walls calculated when soot radiative heat
loss is taken into account is approximately 30% higher compared to that when only convective heat loss is considered.
The averaged nitrogen monoxide concentration is 7.7% lower when both convective and soot radiative heat losses are
accounted for but the net soot mass production is less sensitive to soot radiation. A sensitivity study reveals that neither
increasing nor decreasing the soot absorption coefficient by 30% from the baseline setup is influential to nitrogen
monoxide formation, soot mass production and heat transfer. The findings here aid to gain insights and provide a better
understanding of the combustion and soot processes in large, uniflow-scavenged marine engines. The numerical model
developed in this work can also be applied to explore different phenomena in this combustion system.
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